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l • Run a real NASA climate mode

• Create your own simulations 

• Make maps and plots 

• Hundreds of climate variables 

• Past or Future climates 

• Mac or PC 

• http://edgcm.columbia.edu 

Educational Global Climate Modeling 
The world is in your hands. 



 

The Educational Global Climate Modeling Project 

Project Objectives 

Allow teachers and students to use a genuine research version of 
NASA global climate model on accessible computers (desktop 
and laptop) 

Encourage students to participate in the full scientific process 
• Design experiments 
• Setup and run computer simulations 
• Analyze data 
• Communicate results 

 
 



 

 

The Educational Global Climate Modeling Project 

Project Objectives 

Enhance collaborations between schools, universities, 
national labs, and the private sector so students become 
familiar with the role of teamwork in scientific research. 

…and by doing the above demystify how scientists forecast 
climate change. 
 

 
 



Seinfeld’s Diner  



Future Climate Change: Basis of Understanding 

James Hansen, 1988 

1. Earth’s Climate History 

 

2. On-Going Global Changes 

 



GCCE/NICE 

Clima
On-Going Global Change: 

te Change is Here Coming Soon to a Community Near You 

4X increase in western U.S. 

wildfires in 30 years 



Future Climate Change: Basis of Understanding 

James Hansen, 1988 

1. Earth’s Climate History 

 

2. On-Going Global Changes 

 

3. Global Climate Models 
(note: modeling #3, but aids other two) 

 



Climate Change
Intelligence

 

GCMs are the primary tools used 
to supply climate change 
forecasts. They help us study the 
physical processes of climate 
change, predict its impacts, and 
evaluate mitigation and 
adaptation strategies. 



Global Climate Model 
Atmosphere

Oceans 

Cryosphere
Land 
Surface 



Fundamental Physical Equations: 

(Henderson-Sellers, 1985) 

• 這是“質量守恆定律”在中國 

• 這是“節約能源”寫在中國 

• 這是“動量守恆”寫在中國 

• 這是“保護水分”寫在中國 

• 這是“狀態方程”寫在中國 

Tools of the Trade: Global Climate Models 



 

Physical Processes Simulated by GCMs 

Seasonal and Diurnal Cycles

Latent and Sensible Heat Fluxes 

Clouds and Convection 

Greenhouse Gases 

Evaporation & Precipitation 

snow 

Aerosols 

Ground Hydrology 

soil moisture, run-off 

Ocean Heat Storage & Transport 
Ocean Circulation 

Atmospheric Chemistry 

Carbon Cycle 

Dynamic Vegetation 

Dynamic Ice Sheets 



 

GCMs were predicted to be in common 

use by now… 

“…Very soon it will be possible to run a GCM on a laptop 

computer.” 

“GCMs will begin running on workstations in high 

schools, and possibly elementary schools. They may even 

be running in the offices of congressman.” 

Dr. David Randall 

Bulletin of the American Meteorological Society, 1996 

…but there were stumbling blocks 



 
 

 

What is a GCM?    …a computer program 
Global_Warming_Sim2.R  Model II 8/24/2000

Owner: Mark Chandler, m.chandler@nasa.gov 
Group: Paleoclimate Group 
This experiment simulates the climate of the  
snowball earth period of the Neoproterozoic Period 
In geologic history. 

Object modules: 
MainC9 DiagC9 RadC9 

23=V8X10_600Ma 
26=Z8X101_600Ma 
21=RTAU.G25L15 
22=RPLK25 
29=Snowball_Earth_Regions 
 
Label and Namelist: 
Global_Warming_Sim2 (Transient increase in CO2)                                                         
 
 &INPUTZ 
 TAUI=10176.,IYEAR=1900, 
 KOCEAN=1, SRCOR=.95485638151,  
 S0X=1.,CO2=.31746031746031, 
 USET=0.,TAUE=35040.,USESLP=-12., 
 ISTART=3,KCOPY=2,NDPRNT=-1,TAUE=95616. 

 
 
 
 
 

C** INITIALIZE SOME ARRAYS AT THE BEGINNING OF SPECIFIED DAYS 
         
        fName = './prt/'//JMNTH0(1:3)//CYEAR//'.prt'//LABEL1( 
 
         IF(JDAY.NE.32) GO TO 294 
         JEQ=1+JM/2                                           
         DO 292 J=JEQ,JM                                      
         DO 292 I=1,IM                                        
  292    TSFREZ(I,J,1)=JDAY                                   
         JEQM1=JEQ-1                                          

  295    TSFREZ(I,J,1)=JDAY                                   
C**** INITIALIZE SOME ARRAYS AT THE BEGINNING OF EACH DAY     
  296    DO 297 J=1,JM                                        
         DO 297 I=1,IM                                        
          
         TDIURN(I,J,1)=1000. 

TDIURN(I,J,2)=-1000.
                                 

                                          
 
         TDIURN(I,J,6)=-1000.                                 
 
         PEARTH=FDATA(I,J,2)*(1.-FDATA(I,J,3))                
         IF(PEARTH.GT.0.) GO TO 297                           
         TSFREZ(I,J,1)=365.                                   
         TSFREZ(I,J,2)=365.                                   
  297    CONTINUE               
 

Unix Scripts  Fortran Code 

How does one learn to use a GCM?



Increased Grid Resolution 

Requires Increased Computing Power Computing Resources and Climate Models 

Rule of thumb: 

10X more CPU 

for a doubling of 

resolution 

2014 

IPCC AR5 

1992, 1995 

IPCC AR1, AR2 

2001, 2007 

IPCC AR3, AR4 



 

What is EdGCM?

A GLOBAL CLIMATE MODEL
The NASA/GISS GCM Model II 

A GRAPHICAL USER INTERFACE
Wrapped around the global climate model 

 

 

NASA Goddard Institute for Space Studies 

Global Climate Modeling Program 

www.giss.nasa.gov 

Columbia University, EdGCM Project 

Center for Climate Systems Research 

edgcm.columbia.edu 

EdGCM 



Other Computer Code Wrappers 



 

  

 

Democratization of Global Climate Modeling

Tools for non-specialists must be:

Highly intuitive

Free of jargon (except where its intent is instructive) 

 Usable on existing computing resources 

 Free (or at least inexpensive) 

 Responsive support 

 Applicable to real world (not just toy  models)“ ”  

 Tied to current events and societal needs 

Based on a concept by K. Droegemeier, Unidata Summer Workshop 2006 

 



EdGCM 

Set up, Run and Organize a GCM 
EdGCM 3. 2 (926) Toolba r 

[2]~ ~~ 
, Simulation Controls 

' ~ II r;. I ll>{ 

Run Folder 

Run Date l2 /0l /19S7 

T Run U st 

Sort by. [ Run 10 l:·t 
1 Q Ooubled_C0 2 

I 8 Globol_Warming_01 
Ice ....Age_2l kya 

Q I PCC....A1FLC02 § Moder n_Pr e di cte dSST 
Modern_Speci fi edSST 

Samp 1 e_Contro l_Run 

SeMCh by: 

" setup Simulation 

0 New 

t;":lJ Duplicate 

~- Delete 

~- Slmu laUon Summary 

""' 
Make Scenario 

... Open All Sections 

... Close All Sections 

IK Un k to dQurnals 

"'' 
View links 

Project iD: 

Run label: 

Comments: 
based on Modem cont rol run 
uses pred c ted SST w•t h deep IMo<le•·n ~iaecifteds;sT 
Init ial C02 • 3 1 5.4 
1ncreas.ng C02 trend is 
an additional 1.096 
yie!ds a doubled.COZ (i.e. 
2062. 

l>~ut fi les 

I> Ocean model 

I> Diagnostic output 

" Forcings 

Greenhouse gases 

Global Warming from doubling C02 instantaneousty 

J<~,lobal Warming : C02 gradually increases, d oubling by 2069 
Ice Age 2lkya, LGM t race gases, modem orbit 

jctobal Warming: IPCC illustrat ive scenario Al fl 
Modern Control Run, 1958 forcings with predicted SSTs 

jModern Conttol Run, 19 58 forcings with Speci fied SSTs 

Modern control run for Model II vl.0.6 8xLO qflux 

02111105 

02/11/05 

02/ 11/ 05 

06/08/09 

02111/ 0 5 
02/ 11/05 

05/14/05 

~..:C:::I•::•:::""::!P:.......J) ( Perml,.;oos ) 

Selected runs: Run statist ics: 

jMark Chandler 

Mark Chandler 

Linda Sohl 
Mark Chandler 

Mat k Chandler 

Mark Chandler 

C02: 314.9 pp m N20: 0 .2908 ppm CH4: IPCCA1FLC02 Current used: NA 

Solar 

Luminosity: 1366.619 W/m"2 

Orbit 

Eccentricity: 0.0167 Axial til t : 

... C02 t rend 

~ Enable !rend 

l.Jnear (ppm) .s change 

Exponent•al 00 change 

... N20 trend 

ACC: NA 

Diagnosti cs: NA 

Ocean: NA 

PRT: NA 

RSF: NA 

Dis k statistics 

Disk space: 

Volume: 

Sh iloh 

Capacity: 465.4 CB 

Current used : 27.4 CB 

Available: 438.0 CB 

EdGCM: OccanFluxcs 

;._ ____ ..:fc.Oc_•~_r_'"_"_'..:f:_o'_'_•_o_"_'n_:_l _____ ~ s:a rt vcu 

( ocean t-·c.n Trans poru 

( l.tneriltc Ke ~tart • tl! 

I) C~k11lnf ,,,. v~nio.l fl m, f<; n f ~nf'I"O~ 

ltthe oce.l ,/ltmosphereinter'ace. 

n C&lc:ul&tc nc tt mpu.r.turc a t I \C 

l.tutluu Uthl tAt.Ui nix.:d -lo~yt: tl.lll 

Novtmbu 10lh. 

3) Ci:i.lc:ui.J.tc t,c h:>r zon:a!o::cln h~at 
tran~ponJ. 

P"""'e"~ " 
Arm !it:We: lOO " 

4) G~nu•tc A new ru:a.tt IHc thAt 
lUitl ol!r ,. dt: u t iJ<n.l•l41)'t:f ....._~ ..,, 
tempefattJ!l'SfOtuse ln precucteCI~ 
~inulatioos rOrlux xe~") 



 
EdEel GCM 

Analyze, Visualize and Publish Results

( Y~ars ( 
1958 Q l l...lbel 
1959 

~ TOPOGRAPHY 1960 
1961 6?j LAND COVERAGE 
1962 
1963 ~ OCEAN ICE COVERAGE 
1964 

~ SNOW COVERAGE 
1965 
1966 ~ SNOW DEPTH 
1967 

~ SNOW AND ICE COVERAGE 1968 
1969 ~ PRECIPITATION 
1970 
1971 ~ EVAPORATION 
1972 

~ SENSIBLE HEAT FlUX 1973 
1974 6?j GROUND WETNESS 
1975 

~ SURFACE RUNOFF 1976 .. 
l ast 5 ~ JET SPEED 

Last 10 

Abstra(t: 

Postprocessing: Maps 

Units 2096- 2100ij.nc 

meters 

Change in Surface Air Temperature by 2: 
Section 1· 

(Global Warming Simulation) 

The Climue of the Plioune: Simulating Ea rth's Lan Great War m Period 

Marl: A. Cbandler 

Cotumbia Uoh•er:dty 

The Mid-Pliocene (ca. 3.0 ~yr) Is the ~~ recent time i.n Earth's histocy when mean global cempcraturcs were 
substantially warmer (estimated by GCMs to be 2 oC 10 3 oC above pre-industrial) , providing 
an accessible example o f a world that is :10irnilar in many m.pects 10 what models estimate will be the Earth of 
the late 21st century. The t•tioccne is also recent enough that the continents and ocean basins had nearly 
reached their present geographic configuration. Taken together, the a\·erage of the v."&mJ phases during the 

middle Pliocene prese. m us with a l-iew. of the equilibrium state of a globally warmer world, in v.11ich C02 I 
ronccntnr.tions were higher (between 360-400 ppm) and geologic evidence and isotopes agree that sea leYel 
\\'iiS at least15-25 m above modem (Dowsctt and Cronin, 1990: Shackleton ct al., 1995), with corrnpondingly 
reduced ice sheets 

Figure 1. During the 
Plirw-f' nt" n lnh.:.l 

El 
Figure 2. This Image 
taken by the Galileo 

Figure 3. EVAiogo 

Introduction ~ 

Much of the resean:h conducted by scienlim at the Goddard lnstiNie for Space Studies is aimed a t de\'eioping 
tools for s imulal:ing future c lim a te change. The ultimate objecti..,·e is to help anticip ate tile impact that those 
changes will have on socie ty and the environment. The development of computer models is central w our 
efforts, and global climate models (GCMs). in particular-, a re the primary tOOl we we to simulate the Earth's 
environment and the forces lM!t affect it. Among those forces are many which are anthropogenic, or hlJITI3l'l-
caused, including increased greenhouse gases and aerosols. OZOflt depletion, and deforestation. 

January Snow and ice coverage 
(Modern Cllm•tology) 



 
EdGCM 

Creating Reports and Publishing

eJournals 

Image Libraries 

Web-based Publishing 



Download Software and Materials 

Support and Discussion Forums 

Community and Student Showcases 

Video Tutorials and Manuals 

The EdGCM Websites 



 
 

Education Partnerships 

University of Wisconsin – Madison 
Department of Atmospheric and Oceanic Sciences 
Geography Department 

Southern University (and LSU) – Baton Rouge, LA 
Urban Forestry Program 

Dickinson College 
Community College Teacher Professional Development 

American Museum of Natural History 
Seminars in Science, Continuing Education Programs 



Columbia University, New York, NY 

University of Wisconsin - Madison 

Rutgers University, Newark, NJ 

City College - CUNY 

Queensborough Community College 

– CUNY, New York, NY 

University of Pittsburgh, PA 

Iowa State University – Ames, IA 

Wesleyan University, Middletown, CT 

University of North Carolina - 

Asheville 

San Francisco State University, CA 

University of Oregon - Eugene 

Tufts University, Boston, MA 

Monona Grove High School, Monona, 

WI 

Duke University, Raleigh, NC 

University of California, Los Angeles 

(UCLA) 

University of Georgia - Athens 

The North Carolina School of Science 

and 

     Mathematics, Durham, NC 

Michigan Tech University, Houghton, 

MI 

Central Michigan University, Mount 

Pleasant, MI 

Macalester College, St. Paul, MN 

Clarkson University, Potsdam, NY 

Indiana University Southeast, New 

Albany, IN 

University of Northern Colorado, 

Greeley, CO 

University of Wisconsin-La Crosse 

Vanderbilt University, Nashville, TN 

San Jose State University, San Jose, 

CA 

Valero Energy Corporation, Helotes, 

TX 

Elmwood Franklin School (K-8), 

Buffalo, NY  

Portland State University, Portland, OR 

Kutztown University, Kutztown, PA 

Southern University, Baton Rouge, LA 

Johns Hopkins University, Baltimore, 

MD  

Harrisburg Community College, 

Harrisburg, PA 

Northampton Community College, 

Northampton, PA 

University of North Dakota, Grand 

Forks, ND  

University of Massachusetts -Lowell 

University of California - Riverside, 

Madison East High School, 

Memorial High School, Madi

Youngstown State University,

Youngstown, OH 

University of Louisville, Lou

KY 

Lyndon State University, Lyn

VT 

University of North Carolina 

Charlotte 

Carleton College, Northfield,

Smith College, Northampton,

Yale University, New Haven, 

University of Nevada - Reno 

Swarthmore College, Swarth

Alaska Pacific University, An

AK 

Unity College, Unity, ME 

Dickinson College, Carlisle, 

Bowdoin College, Brunswick

Wesley College, Dover, DE 

University of Colorado - Bou

Truckee Meadows Communit

College, Reno, NV 

Florida Institute of Technolog

Melbourne, FL 

University of Massachusetts 

100+ Institutions in U.S. using EdGCM 

University of Alaska Southeast - 

Juneau 

University of Hawaii/ School of Ocean 

and Earth 

     Science and Technology 

DePaul University, Chicago, Illinois 

Morristown-Beard School, 

Morristown, NJ 

Riverside, CA 

Clarion University, Clarion, PA 

Georgia State University, Atlanta, GA 

Montgomery College, Germantown, 

MD 

Moravian College, Bethlehem, PA 

University of California - Berkeley, CA 

Desert Research Institute, Reno, NV 

Worcester State University, Worcester, 

MA 

Madison,  

son, WI 

 

isville, 

donville, 

- 

 MN 

 MA 

CT 

more, PA 

chorage, 

PA 

, ME 

lder 

y 

y, 

– Amherst 

New York University, NY 

Carnegie Institute of Washington, DC 

University of Oklahoma, Tulsa, OK 

University of California - Santa 

Barbara 

University of Nebraska – Lincoln 

 

 



 

Global Interest. Global Need.

edgcm.columbia.edu

 



Challenges

Keeping up with the pace of cutting edge climate

modeling and consumer electronics companies 

 

• Windows 7 and Windows 8 

• Mac OS X Lion & Mountain Lion 

• EzGCM and WebGCM 

• iOS and Android – tablet computing in schools

edgcm.columbia.edu 

 

 



l • Run a real NASA climate mode

• Create your own simulations 

• Make maps and plots 

• Hundreds of climate variables 

• Past or Future climates 

• Mac or PC 

• http://edgcm.columbia.edu 

Educational Global Climate Modeling 
The world is in your hands. 
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